EM 078 287 071 US 



8733D-6833 



UNITED STATES PATENT APPLICATION 



OF 




YONG SUNG HAM 



FOR 

P IN-PLANE SWITCHING MODE LIQUID CRYSTAL DISPLAY DEVICE 

=3 



1 



This application clai.s the benefit of Korean Patent 
.ppUcation HO. 199.-33863, filed on ^u.ust 14, 1997, which is 
hereby incorporated by reference. 

ririi r?T> Tnventiaa 

^o a liouid crystal display 
The present invention relates to a liqu 

i.r-lv an in-plane switching mode liquid 
device, and more particularly, an m p 

crystal display device. 

^^^gg^nn of Rgiat^ii-^ 

.dely applied to flat panel display devices. ^ — 

.ave a narrow viewing angle due to refractive anisotropy of 1 

. 1.S This is because horizontally aligned liquid 
crystal molecules. This is u 

i„nnrr a voltaqe become nearly 
crystal molecules prior to applying a g 

. ^ ^.h respect to the substrate when voltage is 
vertically aligned with respect z. 

applied to the liquid crystal panel. 

. v^T.m a multi-domain LCD such as a two- 

To solve this problem, a mult 

domain TN .CD(TD™ LCD) and a domain divided TN LCD ( 
. .CD including an optical compensation film have been 
...reduced, m these LCDs, however, a contrast ratio is^e .eas 
and a color shift is generated according to a viewing angle. 

obtaining a wide viewing angle, 
Further, for the purpose of obtaining 

•^oh^na mode LCD has also been proposed, 
an in-plane switching moae 



f =. „nih nixel of a conventional in- 
FIG. lA is a plan view of a unit pixel o 

plane .witching .ode active .atrix LCD. ^ shown in the drawing. 

the apparatus comprises a data bus line 1 and a gate bus line 2 

Which are arranged perpendicularly and/or horizontally in a ^atr.x 

on a transparent substrate thereby defining a unit pixel region. 

. c«n line S is arranged parallel to the gate bus line 2 in the 

pixel region. A thin til. transistor <TPT, is forced adjacent a 

co^on electrode 11 and a data electrode 19 are forced in the 
pixel region. 

FIG IB is a sectional view according to line I-I of FIG. lA. 
.ho«> m the drawing, the TFT includes a gate electrode 10 
electrically coupled with the gate bus line 2. a gate insulator 

^ in ;,n a-Si layer 15 on the gate insulator 
on the gate electrode 10, an a Si laye 

.3 an n. a-Si layer 16 on the a-Si layer 15. and source/drain 
ellctrodes 1., IS which are electrically coupled the data bus Une 

^^A^rc^i^r The aate insulator 13 
1 and the data electrode 19, respectively. The g 

forced on the inner surface of a first substrate The co-on 
electrode 11 is forced with the gate electrode 10 and electrrcally 
.oupled to the co»on line 5. Further, a passivation layer 20 and 
a first alignment layer .not illustrated, are deposited on the 
inner surface of the first substrate 4 . 

on a second substrate 6, a blacK matrix 7 is formed to 
prevent a light leaKage around the TFT, the data bus line 1, and 
the gate bus line A color filter layer S, an over-coat layer 9, 
and a second alignment layer, not illustrated, are formed on the 



^r.n^ Finally, a liquid crystal layer is 
black matrix 7 in sequence. Finaiiy, 

formed between the first and second alignment layers. 

■ 1 in nlane switching mode LCD, however, 
The above conventional m-plane swxc 

.as a complex pattern in t.e pixel region c.ere.y .eo.ea.in. 
aperture ratio. The follcwin, formula ,1. represents a U^ht 

, , t..,! T av(=>r of the conventional 

oofT/T) in the liquid crystal layer or 
transmittance (T/To) m ^.11= m 

in-plane switching mode LCD. 

T/T = sin^ f2a; sin^ ^iidWA; 

„Jere . is an average rotating angle o£ U^id crystal 
..reclors. a.n is a retaraation the li^ia crystal layer, 

= T lavf^r An is the refractive 
i-hc liauid crystal layer, an 
a thickness of the iiquiu 7 

anisotropy o. the li^id crystal layer, ana X is a wavelength 

light. ^ T 

.3 sho« in the a.ove formula, if each of U^ia crystal 
^olecules having fixea conaitions . ana .n is usea, a aesira.le 
Ught transmittance can be achieved in accoraance with the 
thickness a of the liquia crystal layer. 

The Japanese Patent Unexamined Publication NO..-1.0S7S 
proposea a having a high light transmittance hy prov.am 

a high aperture ratio ana preventing a aegradation farlure .n t e 
pixe re ion. Purther, the .C. may have been manufactured raprdly 

material. Furthermore, in this .CB, the increased light 
. crystal molecules and by permitting a.n to he in a range 0..1 



0 .36um, 



a colcr-display In the LCD is based on the 
X„ general, s.nce ^^^^ 

- -Ut.on . ^^^^^^^ 

---^^ :: rr - ^.^.e. ...... t. ^ 

Itance in the ii,uia c.stai Uve. The —t.ona. 
U,ht t«na.. tanc ^^^^ ^^^^^^^^ ^ 

TFT-LCD including JP No. b 



«-a.n that considers the f«ect c£ coior-shi^t 
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•o ^-i-rected to an in-plane 
^>,« present invention is directea 
Accordingly, the presenc 

v.=.-ani-iallv obviates one or more or 
TCD that substantially 
3«itch.n, ™cde - ^^^^^^^^^^^^ .... 

problems due to Umita provide an in-plane 

^ Object of the present invention rs to pro 

. =, hiah light transmittance by 
switching .ode LCB havrng a hxgh 

controlling the refractive anisotropy o . 

, « the liquid crystal layer, 
.olecule and the thickness of 1 ^ 

Another object of the present invention is 

that prevents color-shift. ^^^ention will be 

^o=,t-,ires and advantages of the in 
Additional features an 

apparent fro. the P .^vantages of the 

.•^r. The objectives and otner a. 
the invention. The o 3 structure 

...ill be realized and attainea y 
invention will be r description and claims 

particularly pointed out in the written 
n as the appended drawings. 
""^^ : e h se and other advantages and in accordance with 

f t resent invention, as e^odied and broadly 
the purpose of the pre 



.escribed, an in-plane switching .ode U^id crystal display 
aevice comprises £irst and second substrates, a plurality c ,ate 
and data bus lines de.inin, pixel regions and arranged on the 
nrst substrate, a co^on line in the pixel regions, a pa.r o 
arst and second electrodes parallel to each other applying plane 
electric fields in the pixel regions, and a liquid crystal layer 
.etween the first and second substrates, wherein d.n is in the 
.ange of 0.2S-0.36u™, where d is the thiCness of the li^xd 
orystal layer, and .n is the refractive anisotropy of the l.,u.d 

crystal molecule. 

in another aspect of the present invention, a method of 

™a.ing an in-plane switching «de liguid crystal — V 
Having first and second substrates comprises the steps of for.rng 
a Plurality of gate and data bus lines defining pixel regrons and 
arranged on the first substrate, forcing a co.™on line in the 
pi.el regions, forcing a pair of first and second electrodes 

second substrates, wherein d.n is in the range of u. 
„here d is the thicKness of the li^id crystal layer, and 
..e refractive anisotropy of the Ucp^id crystal molecule. 

„ is to be understood that both the foregoing general 
description and the following detailed description are exemplary 
descripi. f„r-ther explanation of 

=r,^ =.r-e intended to provide furtner e^t^ 
and explanatory and are inuenae 

the invention as claimed. 
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, ^hP invention and are incorporated m and 
further understanding of the invention 

furtner un ^n„otrate embodiments of 

^ of this specification, illustrate e 

the principles of the invention. 

In the drawings: _ 

At- T^-ivel of a conventional in- 
FIG. lA is a plan view of a unit pixel 

plane switching mode LCD; 

PIG IB is a seotional view according to line 

■ of liaht transmittanoe 

FIG 2 is a graph showing a variation of light 

according to a variation of retardation, and ^ 
3 is a chromaticity diagram showing a white 

i„ color triangle. ^EPBEjEEBIEJSEaEBffim 

...erence will now .e made in detail to the preferred 
.„t of the present invent ion^example of which is 
llustrated in the accompanying drawings. 

r h not Shown in the drawing, an LCD according to the 
Mthough not shown ^ ^^^^^^ ^^^^^^^^^ 

present invention co^rises a 

,. V) ,-^stal layer between the first ai 
and a liquid crystal y ^ 

substrates. On the first substrate, a data b 
..3 line arranged perpendicularly and/or — " 

--rpririrrgaLrsreinL 

^.:^::g::::^^frl:^ransistor is formed adjacent a cross 
the data bus una and the gate bus line. . common 



CelCN(celi in-plane switching mode 

color- shift which is generated .n 

. influenoad by a back light, a color filter, and d.n 
LCD IS xnfluencea ^. hack liqht and 

ffi,.id crvstal layer. In particular, conventional bac.g 
'Y ' color .ay be used, but d.n is chosen to prevent color-^ • 
.r the dAn is chosen to maintain white color balance. 
™ . a graph Showing a variation of lig. «ans.ittance 
J::, variation Of retardation. . shown in t. graph, 

region is a United region according to the pr.or art 

. ■ .he range of 0.2l-0.36um, and s' region 
,„ indicating that d.n .s .n the range 

•„ , further limited region according to the present 
9 3 is a chromaticity diagram showing a white color-shift 

" color' triangle. . Plurality of points in .ig. 3 represent n 

o£ 0 21-0. 40um. A subset of these points are 
d^n is in the range of 0.21 

in a dotted line rectangle (white color displ 9 
in the range of 0.2,-0.3.um as shown in PX0.2 of the prese 

invention. „.,,.0,..um, it is impossible to 

If dAn is m the range oi. 
. , the preferable white color. However, in the present 
..splay the prefe ,,,.o.3eu™ and all points are 

invention, dAn is m the range 

■^r, of the dotted line rectangle, 
in the inner region of the d 

■ ^i, t-v,c> n-rpsent invention, it is puso 
in accordance with the present 

the light transmittance by controlling the refractive 

" v of the Uguid crystal molecule and the thickness of the 

anisotropy of the iiqu 

liquid crystal layer. the LCD of 

.urther, it is possible to prevent color-shift in 
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A = electrode are in the pixel region, 

electrode and a data eiecuro 

TFT includes a gate, electroa. electrlcaUy coupled w.th 
..e ga« bus line, a ,ate insulator .ade o£ a material sue. as 
Si.x and SiOx on t.e ,ate electrode, an a.orp.ous silicon la.er 

,.e insulator, a . a.orp.ous silicon la.r on t.e a-Sr a.er, 
and source/drain electrodes whic. are electrically coupled 
aata bus line and the data electrode respectively. 

.he co-on electrode is forced with the gate electrode and 
electrically coupled to the co»on line. Mso, a passivation 
..,er ™ade of a material such as SiK. and SiOx, and a «rrst 
eli.n.ent layer are deposited on the inner surface o. the .rrst 

substrate. ^ 

A .nhstrate a black matrix such as CrOx and 
On the second substrate, a 

. formed to prevent a light leakage around the TFT, 

black resm is formea t'^ , ^ 

..eluding color filter elements K, 0, and B, an over- coat la er, 
... a second alignment layer are formed on the black matrix in 

sequence. ^^^^^ ^^^^^^^ ^.^^^ 

The liquid crystal layer is 
. . .nt layers The thickness of the liquid crystal is 
second alignment layers. 

. ■ ^h. liaht transmittance and the color-shift, 
chosen considering the lignt cr^i 

.ch ali,n.ent direction o. the nrst and second al„t 
,.,ers is determined hy a ru..ing .ethod using polyami^de. 
polyi.ide. Sio. .vMpolyvinylalcohol, or polya.ic ac.d, or .y 
^-alignment .ethod using a photosensitive .ater.al such 

PSCN (polysiloxanecinnamate) or 
PVCN (polyvinylcinnamate) , PSCN vpo y 
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the present invention, especially white color-shift. 

accordingly, the in-plane switching .ode li^id crystal 
display device of the present invention comprises elements of an 
.CP such as transparent substrates, electrodes, and alignment 
layer and so on. In the LCD device of the present invention, 
thiCness of the liquid crystal layer is determined hy considering 

..n as the light transmittance. Preferably, 
the color- shift as well as tne iig 

• •« in a ranqe of 0.29-0.36um, thereby 
dAn of the present invention xs m a range , ^..^ 

1 ^ o-hiff especially white color-shitt. 
preventing the LCD from color-shift, especi 

. ^o t-hose skilled in the art that various 
It will be apparent to those sKiii^ 

modifications and variation can .e .ade in the in-plane switching 
.Ode liguid crystal display of the present invention without 
departing fro. the spirit or scope of the invention. Thus, rt iS 
intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope 
of the appended claims and their equivalents. 
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